The spectral relationship between range-rate measurements and the gravity potential for low-low satellite-to-satellite tracking mission was established based on the energy conservation theory. Then the performances of satellite separation, the orbital altitude, and the accuracy of range-rate measurements in recovering the earth's gravity field were simulated and analyzed by this method. Finally, the cumulative geoid errors of the reference mode were obtained by using the configuration parameters of the GRACE mission. By comparing the cumulative geoid errors of the reference mode and GGM02S and EIGEN-GRACE02S models, it basically reflected the performance of GRACE and proved the feasibility of this method.
Introduction
At the beginning of the 21st century, the research on Earth's gravity field with low-low satellite-to-satellite tracking (SST-ll) techniques has been in a notable development period due to the successful launch of Gravity Recovery and Climate Experiment (GRACE) mission. The dedicated gravity satellite mission not only provides the long-and medium-wave length part of static gravity field with high accuracy and high resolution, but also provides measurements of time-variable gravity field parameters. It will greatly improve our knowledge of the Earth's gravity field, and extend the application fields of the Earth's gravity field in related earth science disciplines. Due to the development prospect of the gravity satellites and their scientific significance, it is imperative to develop our gravity exploring satellites [1] [2] . In recent years, the performances of the technique indexes of SST in recovering the Earth's gravity field have been studied and simulated by many domestic scholars [2] [3] [4] [5] [6] [7] , and these achievements provide references for the design and demonstration of our future gravity exploring satellite mission. In this paper, the spectral relationship between range-rate measurements and the E-mail: jshning@sgg.whu.edu.cn gravity potential for SST-ll mission was established on the basis of the energy conservation and error propagation law. Through some simulation experiments, the performances of satellite separation, the orbital altitude, and the accuracy of range-rate measurements in recovering the Earth's gravity field were analyzed, and the feasibility of this method was also verified. Finally, some useful conclusions were obtained, and the favorable conclusion can be as a reference for the preliminary design of our future SST-ll mission.
Spectral relationship between range-rate and gravity potential
If the non-gravitational forces are ignored, then according to the energy conservation theory, the gravity satellite's kinetic energy plus the potential energy will be conserved. Let us suppose the satellite is unit mass; then the energy conservation equation can be written as:
where E is the total energy, U is the potential, and v is the satellite velocity. The potential U and the satellite's velocity v can be decomposed as:
in which 0 U is the reference gravity potential representing the gravity at the reference ellipsoid, 0 v is the reference velocity corresponding to the reference gravity potential 0 U , T ′ is disturbing potential representing the difference between the actual gravity and the reference gravity, v Δ denotes the velocity variation due to disturbing gravity potentials. The reference velocity 0 v is related to the reference gravity potential 0 U as the following energy equation:
Substituting Eq.(2) and Eq.(3) into Eq.(1), and ignoring the higher order term of the velocity variation, the relationship between the velocity variation and the disturbing potential for one satellite at the satellite altitude can be obtained:
From Eq.(4), the velocity difference for each of the two satellites is directly proportional to the geopotential difference at their respective locations:
The subscripts 1 and 2 represent the location of the two satellites traveling at the same altitude and on the same orbit plane. Eqs. (4) and (5) show that if the velocity variation is perfectly measured, then it can recover the Earth's gravity field with high accuracy. However, there always exists measurement noise which prevents the accurate recovery of the Earth's gravity field. Our work is to figure out how the measurement noise propagates to the geopotential estimate, so the determination of the actual disturbing potential is not of interest. For this kind of work, it is better to manipulate in spectral domain rather than in space domain, and the relationship between the space domain and the spectral domain needs to be derived.
The velocity variation can be expressed in the spectral domain using the spherical harmonics as 
in which e R is the Earth's average equatorial radius, r is the geocentric distance, GM is the gravitational coefficient, and the coefficients nm C , nm S are the normalized spherical harmonic coefficients.
Defining T as the disturbing potential on the Earth's surface, and T ′ as the disturbing gravity potential at the satellite altitude. The error variance of T may be defined as an average of the expectation of the squared error over the unit sphere. Due to the orthogonality, the error variance of T ′ has a similar relationship with
